Introduction
Over the past few decades, the prevalence of allergic disease has been on the rise in both developed and developing countries (Pawankar et al. 2011 ). In addition, many epidemiological studies have shown a higher prevalence of allergic disorders in subjects living in urban environments compared to rural areas, particularly in developing countries Perzanowski et al.2W2) .
Such observations indicate that environmental factors, along with underlying genetics, play a key role in the development of allergic disease. Environmental influences can include exposures to microbes, parasites, and lifestyle facton (Burke et al. 2003; von Mutius 2002 (Bethony et al. 2006) .
Despite the close parallels between immune responses that characterize helrninth infections and allergic diseases, namely increased levels of immunoglobulin (Ig)-E, eosinophils, and mast cells along with T cells that preferentially secrete T helper type 2 QtA) cytokines, the clinical outcome with respect to immediate hypersensitivity and inflammation is not the same (Yazdanbakhsh et al. 2001) . Moreover, there is little geographical overlap worldwide between helrninth infections and allergies. In fact, several studies have reported a negative association between the presence of helminth infections and allergic disorders (Feary et al. 20l l). However, the relationship between allergic disorden and helminth infections does not show consistent results since there are also studies that show that helninth infections either have no effect or are associated with increased atopic disorden (Obihara et al. 2006; Palmer et al.2W2) .
High levels of Th2 responses can lead to allergic diseases, and to prevent this, either a shift to Thl or an increased anti-inflammatory response would be needed (Carvalho et al. 2006; Cooper 2009 (Cooper ", u1. 269{; Flohr et al. 2006 ). In addition, Cooper et al. (2003b) found ttrat the presence of serological markers of chronic infections (elevated levels of total serum lgB or ann-A. Iumbricoides IgG4) was independently negatively associated with allergen SPT reactivity. Araujo et al. (2000) (Scrivener et al. 2001 ).
Although the majority of studies have shown a negative association between helminth infection and SPT, there are studies that show that helminth may increase the risk of asthma and atopic disorder. Obihara et al. (2006) found Ascans-specific IgE may be a risk factor for atopic disease in populations exposed to mild A. Iumbicoides infection (Obihara et al. 2006 (Cooper et al. 2006 ), but in Vietnam, threemonthly Eeatment with albendazole resulted in a significant increase in SPT positivity but not in allergy symptoms (Flohr et al. 2010) . The third study in Indonesia revealed that intensive community treatrnent of 3-monthly albendazole for 2l months over 2 years was not associated with increased risk of SPT to any allergen, but post hoc analysis showed that SPT to cockroach allergen was increased in the albendazole arm compared to placebo ). However, in agreement with the studies in Ecuador and Vietnam, there was no efect on reported clinical symptoms of allergy ). However, it has to be noted that one study in Venezuela showed that anthelmintic treatment resulted in improvement in all clinical indicaton of asthma (Lynch et al. 1997 (Wright and Bickle 2005) . This expansion of Th2 responses was not associated with an increase in allergic symptoms even though the life cycle of the hookworm parasite involves lung passage. In two safety trials, small numbers of patients with rhinoconjunctivitis or asthrna were treated with helminths. Ten L3 infective larvae of N. americanus were inoculated into allergic patients in UK who were followed up for l6 weeks and showed no worsening or improvement of their symptoms (Feary et al. 2010 ). Regarding T. suis ova therapy, a double-blind placebo-controlled trial conducted in Danish adults assessed the efficacy of Z. snjs ova therapy for the featment of grass pollen-induced allergic rhinitis and found no therapeutic effect of this particular therapy (Bager et al. 2010 (Lynch et al. 1998 ). However, a study by Mitre et al. (2005) 3.7 Cross-Reactive Carbohydrate Determinants (CCDs) and Helminths (Amoah et al. 2013b The first cases of anaphylactic reactions associated with alpha-gal were among cancer patients in the southeastem USA receiving therapy with the monoclonal antibody cetuximab (Chung et al. 2008) . This antibody carries alpha-gal structure. These patients were shown to have pre-existing IgE against alpha-gal, and immediate-onset anaphylaxis followed the first infusions of cetuximab (Chung et al. 2008 ). Further analysis indicated that IgE directed against alpha-gal was possibly induced by the lone star tick Amblyomma americanum commonly found in the southeastem USA (Commins et al. 201 I 
Peptide Cross-Reactivity and Helrninths
Cross-reactions between allergens from invertebrates such as mite and snail; cockroach and ascaris; mite, shrimp, and cockroach; and mites and schistosomes (Aalbene et aI.2001) have been reported and involve protein cross-reactivity. Three of the proteins that are involved in these examples are Eopomyosin, glutathione S-Eansferase (GST), and paramyosin (Aalberse et al. 2001) .
Tropomyosins are proteins involved in the contraction of muscle cells along with actin and myosin (Amrda and Santos 2005). Not only are tropomyosins major allergens of seafood, mite, and cockroach but are also highly immunogenic helminth proteins (Sereda et al. 2008 In another investigation, Santos et al. (2008) showed that the predicted structure of A. lumbricordes topomyosin was similar to that of Periplaneta ameicana ffopomyosin. The same study compared IgE responses to these proteins in Brazilian children aged 3-6 years living in a helminthendemic area and cockroach-allergic patients aged 2-52 years also from Brazil (Santos et al. 2008) . A strong correlation was also found for IgE antibodies to tropomyosin from A. Iumbricordes and from P. Ameicana in sera from both populations. Seventy-six percent (90 out of I 19) of subjects from the parasite-endemic area had positive IgE antibodies against cockroach tropomyosin without allergy to cockroach (Santos et al. 2008) . In line with this study, Acevedo et al. (2009) have also demonstrated high allergenic crossreactivity between Blomia tropicalis tropomyosin (B1o t l0) and Asccrls tropomyosin in Colombian asthmatic patients (Acevedo et al. 2009 ).
The glutathione S-transferases (GSTs) are detoxification enzymes found in most living organisms (Sheehan et al. 2001) . The important known sources are cockroaches, house dust mites, and molds; however, GSTs from invertebrates including helminths are known to be strong inducen of IgE (Acevedo et al. 2013) . Moreover, Blattella germaruca GST caused positive immediate skin tests in cockroach-allergic asthmatic patients, suggesting that GST from cockroach is a clinically relevant allergen (Amrda et al. 1997) . Regarding helminth-induced IgE cross-reactivity, Santiago et al. (2012) showed that ttre GSTs from the filarial worm Wuchereria bancrofii (WbGST) and cockroach GST (Bla g 5) were 30 Vo identical at the amino acid with rnarked sirnilarity in the N-terminal region (Santiago et al. 2012 the sequencing, synthesizing, and cloning of allergenic proteins leading to the production of recombinant allergens for CRD (Gadisseur et al. 201 l). Recombinant allergens can be generated as defined molecules with consistent quality and without biological variation (Valenta and Niederberger 2007) .
The molecular biological techniques underlying CRD were initially employed for the determination of the primary structues and molecular identities of allergens (Valenta et al. 1999) . The sequence analysis of allergens allowed the identification of structurally related allergens and also revealed how closely linked cross-reactive molecules may not be differentiated by the immune system (Valenta et al. 1999) .
CRD involves the use of specific marker allergens to diagnose real sensitization toward a particular allergen source and to discriminate from sensitization to CCD or other homologous allergens (De Knop et al. 2010) . It also allows the differentiation between clinically important and irrelevant specific IgEs (Treudler and Simon 2013) .
In terms of the application of CRD to research in helminth-endemic populations, the study on peanut allergy among Ghanaian schoolchildren found that in a subset of study subjects with elevated IgE to whole peanut allergen, responses to recombinant forms of the major peanut allergens (rAra h l, 2 & 3) werc generally very low (Amoah et al. 2013b ). In addition, among Brazilian children living in a helminth-endemic urban area, Carvalho et al. (2013) In a previously published cohort of children in Indonesia, high levels of IgE to house dust mite were found, but this did not translate into SPT reactivity ). In the study, helminth-induced IgE cross-reactivity was implicated as a possible explanation for the elevated levels of clinically irrelevant allergen-specific IgE. In a subset of these children, the specific lgB to Dermatophagoides pteronyssinus (Der p) determined by the ImmunoCAP method (sensitization cutoff >0.35 kUA/L) was compared to semiquantitative IgE analysis using a commercially available microarray chip (ImmunoCAP ISAC). It was found that the prevalence of IgE sensitization to whole house dust mite extract (Der p) was 14 Vo, while sensitization to recombinant and natural house dust mite component allergens as assessed by the microanay biochip was only up to 5 7o (Hamid et al. unpublished) . This investigation also observed that among these same children, the highest IgE reactivity was to natural allergens of Bermuda and Timothy grass pollen and not much to recombinant grass pollen allergens on the chip indicating that these chips can possibly provide valuable additional information when studying sera with less known IgE specificities. For example, as shown in Fig. 2 
